[3], and frequency synthesizers [4]-[6] . This last application is the subject of this paper. In particular, a review of recent work on the use of SAW devices for obtaining fastfrequency hopping, direct frequency synthesis will be provided.
Direct synthesis [7] is useful whenever submicrosecond frequency hopping is required in combination with high spectral purity and frequency precision that is as good as the reference clock. To these features, SAWS add their traditional advantages of small size and moderate cost. The basic version of the direct SAW frequency synthesizer [8] , [9] consists of a comb generator and switchable filterbank as shown in Fig. 1 1984 -, 1985 -, and 1986 tones. In addition, it has the 3X 1 switch which chooses among the latter sources. The SAW and switch section includes the two 9-tone SAW filterbanks, each of which is connected to a 9X 1 switch, just as in Fig. 1 19S4 , 1985,1986 MHz based comb generator is smaller, lighter, and consumes less power than the more conventional electronic approach, additional work is required to achieve stable operation over a wide temperature range. For the results reported here, the step recovery diode source produced the high-frequency comb, and the MLSO was used for the low-frequency one.
B. SAW and Switch Section
The switched SAW filterband synthesizer used two high sists of a length weighted transducer and a withdrawal weighted transducer [1] . In order to achieve the extremely high out-of-band rejection shown in Fig. 4 tone 57.5-dB below the desired output. Ten percent of the spurious tones were stronger than the specified 63-dB down. In the low-frequency filterbank, worst case spurious was 6 1.5-dB down with three percent of the spurious tones failing to meet the specified 63-dB down. Typically, the spurious tones were 68-dB down.
Two switches were investigated-one approximately 2-ns switch [16] with a 16.5-dB insertion loss, and a 250-400-ns one [17] with 1.5-dB insertion loss. The latter was used, and is incorporated in the switched filterbank shown in Fig. 5 .
C. Output Section
The output or mixer section is the right-hand block of
Fig. 2 (labeled MIXER PACKAGE).
The rigorous specifications on spurious rejection and low noise imposed constraints on the output section. Thus, high quality doublebalanced mixers and filters with high out-of-band rejection were used, and careful attention was paid to power levels.
The original choice of the frequencies to be generated and mixed was optimized to minimize the mixer-generated spurious signals [10], [18] . An analysis of the spurious tones produced was carried out. Note that the high-frequency switched filterbank output is doubled before mixing to yield the required intermediate frequencies.
Use of the doubler reduced by a factor of two the required operating frequencies of the high-frequency filterbank and the associated 1 X 9 switch. On the other hand, as multiplication of a signal by N decreases signal-to-spurious ratios by at least 20 log N, there is a 6-dB noise and spurious penalty.
The advantages of the switched SAW filterbank synthesizer are those given in the introduction. Also, as stated previously, reasonably good spurious suppression was achieved in the filterbank switch section. However, due to a combination of nonideal doubling, leakage of comb tones into later portions of the synthesizer, and the limiting used to level the hopped output, the overall spurious performance has degraded to approximately 47 dB, as given in Table II . A synthesizer tone at 1546 MHz is illustrated in Fig. 6 . The spurious performance, while failing to meet the -63-dBc specifications, is very adequate for many synthesizer applications and is readily improvable by packaging and shielding modifications.
III. Two MXXER I'rsm.&'rlvB SYNTHESIZER [19]
In choosing designs for frequency synthesizers, the iterative approach can yield a larger number of outputs per input frequency.
In the synthesizer reviewed here, two stages of divide-and-mix are used to obtain 256 output frequencies from an initial 12 tones. This is illustrated in Fig. 7 . Although the other 2 synthesizers use doubling at some stage, this is the only one which uses quadrupling.
To minimize the difficulties of dealing with L-band signals, the synthesized output was chosen to be 3 19-383 MHz, followed by quadrupling to the required band. The 12-dB penalty in higher required spurious and noise rejection was accepted.
A. Source Section A comb generator based on a step recovery diode has the disadvantage of generating significant energy in lowfrequency harmonics.
A more efficient approach is to and a 4PST switch to carry out the above functions. Off isolation was 60-80 dB, compared with the 90 dB required to achieve full -63-dBc spurious performance.
D. Output Section
Commercially available amplifiers and doublers were cascaded to yield the required output. An amplitude sensor and negative feedback to a variable diode attenuator were used to level the output.
E. Overall Comments, Two-Mixer Iterative Synthesizer
A breadboard implementation of the frequency synthesizer shown in Fig. 8 was successfully fabricated and tested. Although some problems were encountered in meeting the spurious suppression goals, -51 -dB levels were achieved, the feasibility of the architecture was clearly demonstrated.
The potential low cost of a SAW-based synthesizer can be illustrated by noting that the three switches (packaged together) would represent over one-half of the cost of this synthesizer in volume production.
IV. FOUR-MIXER MODULAR ITERATIVE SYNTHESIZER [12]
This approach [12] is a highly efficient design, yielding 256 tones with only four source frequencies, In fact, only two clock-coupled phase-locked loop oscillators are required. Further, the synthesizer uses four identical amplifier-divider-mixer modules with the attendent economies of scale. The overall design is illustrated in Fig. 9 .
A. Source Section
The four-tone, 32-MHz spaced comb spectrum applied to the SAW filterbank is derived in a unique way [12] . Two phased-locked-loop oscillators, each coupled to a 40-MHz clock, generate tones at 512 and 544 MHz. These are then combined and amplified nonlinearly which yields the remaining two tones at 480 and 576 MHz as intermodulation products.
B. SAW Filters
The SAW filters used for this synthesizer [12] The complete synthesizer, consisting of the above components plus a limiting output amplifier, successfully met design goals except that spurious levels were only -43-dB down. As mentioned, improvement here could be expected on additional iterations. Enough was learned to allow for both improved layout on each chip and improved packaging. The most promising feature of this approach [12] is the use of four identical switch chips and amplify-divide-andmix chips to achieve cost economies. This, in turn, makes it feasible to build custom chips. It is estimated that this synthesizer could be built at the lowest cost of the three discussed here. [1] [2] [3]
V. SUMMARY AND CONCLUSIONS
[4]
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